It is demonstrated analytically and numerically that dark solitons always disappear owing to the stimulated Raman effect. Instead of dark solitons, the stable propagation of optical kinks on the cw background in the region of the normal group-velocity dispersion is possible.
As is well known, optical pulses may propagate in single-mode fibers without broadening in the form of bright or dark solitons for which the nonlinear refractive index exactly compensates the group-velocity dispersion 1 (GVD). Bright solitons were verified in a number of elegant experiments, beginning with the well-known paper by Mollenauer et al., 2 but experimental investigations of dark solitons were started only recently (see, e.g., Refs. 3 and 4). In experiments involving soliton dynamics, the Raman contribution to the nonlinear refractive index plays an important role. The stimulated Raman effect produces a frequency shift of bright optical solitons, 5 , 6 the shift being proportional to the fourth power of the soliton amplitude and to the propagation distance. The influence of the self-induced Raman scattering on dark solitons is more destructive. 4 ' 7 In particular, under the Raman scattering the output optical pulse displays significant asymmetry owing to the temporal self-shift and decreasing amplitude of dark solitons. The effect was explained analytically in Ref. 7 for the small-amplitude limit, and it was demonstrated that in such a case the dark-soliton dynamics might be effectively described by the Korteweg-de Vries (KdV) equation. This Letter aims to demonstrate analytically and numerically that dark solitons always disappear owing to self-stimulated Raman scattering. Instead of supporting dark solitons, the Raman effect supports the undistorted propagation of optical kinks in the form of shock waves in the normal GVD regime.
The propagation of nonlinear pulses in optical fibers with a dispersion is well described by the dimensionless nonlinear Schrodinger (NLS) equation,'
.au 0 _u a 2 idU-at+21u1 2 u0, ax at 2 (1) where u(x, t) is the complex electric-field envelope in the reference frame that moves along the x axis with the group velocity and a is the GVD sign. In the case of negative GVD (a = -1) the undistorted propagation of bright solitons is possible. For the positive GVD bright solitons do not exist, but at a = +1, Eq. (1) has soliton solutions in the form of dark pulses propagating along the nonlinear cw background lut = io = const.,
(2a) (2b)
In the limit X = 0 the fundamental dark soliton is the antisymmetric function of time with the 7r phase shift and zero intensity at its center. Another limiting case,
When incorporated into the NLS equation, the stimulated Raman effect appears as a perturbation in the right-hand side of Eq. (1) presented with a delayed response (see, e.g., Ref. 8) . The Raman response function is the Fourier transform of the complex thirdorder susceptibility, of which the imaginary part is the Raman gain. Because the Raman response function of fused silica is extremely short, an approximation for the response function has been successfully used to model the Raman contribution into the right-hand side of the NLS equation by the local term au(a/ at)(1u12), with a being proportional to the Raman gain (see, e.g., Refs. 1 and 6).
To study the dark-soliton dynamics under the Raman effect in the small-amplitude limit, we look for a solution of Eq. (1) at a = +1 in the form 7 
The result [Eqs. (5) ] indicates that the dark-soliton evolution strongly depends on the propagation direction. The dark soliton propagating to the right (C > 0) decreases its amplitude and increases its velocity, so that it disappears owing to the Raman effect on distances of the order of x 0 [see Eqs. (5)]. The dark soliton propagating to the left (C < 0) increases its amplitude and decreases its velocity, and for x -x 0 it tends to the fundamental dark soliton [Eqs. (2) at X = 0]. It is natural to assume that under a constant force effectively produced by the Raman contribution to the refractive index the fundamental soliton will also be shifted to the right, and after some distance it may be considered as a small-amplitude soliton and yield the above case, C > 0. Therefore, the dark solitons moving to the left must also disappear, but after they have turned.
To check the assumption numerically, we have integrated Eq. (1) at with the input pulse in the form of the dark soliton on the finite-extent background,
( Fig. 1 ), but at sgn C = -1, it first tends to the fundamental dark soliton (for x 5 x 0 j = 20 at a = 0.1), and then it moves to the right and its amplitude decays as in the previous case, but faster (Fig. 2) . According to Eqs. (5), the characteristic spatial scale x 0 describing the effect is inversely proportional to the Raman gain so that the value axo must be constant. As a result, the turning of the dark soliton with C < 0 to the right occurs at smaller distances when the Raman gain increases. For example, at a = 0.15, the relation ax 0 = const. yields x 02 = (al/a2)xol 14, which is in excellent agreement with the numerical calculations shown in Fig. 3 .
As is well known, instead of unstable solitons the KdV-Bfirgers equation (4) describes localized kinktype waves propagating without a distortion, and, therefore, in the case under consideration the propagation of optical kinks on the cw background pulse may be possible. 7 Without the Raman gain the kink-S -~~~~~~~~100. 00 10.00 (6) where u,(x, t) is defined by Eqs. (2) type pulse decays, which produces a succession of dark solitons. In the case of the KdV equation the decay of the steplike initial pulse was investigated analytically by Gurevich and Pitaevsky' 0 and later by Khruslov. 11 Our numerical results are obtained for the input pulse,
at y = 0.15 and to = 20. As is seen from Fig. 4 , the kink pulse is unstable and generates a succession of dark solitons in the form of a spreading tail. The Raman effect stabilizes the structure, and the kink propagation on the cw background is possible without distortion (Fig. 5) 
